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SUMMARY
.
Theresultsofan investigationto determinetheeffectsofconical —.
camberonthelift,hag, andpitching-momentcharacteristicsofa wing-
bcdycombinationemployinga triangularwingofaspectratio3.0 are
presented.Themeansurfaceshapeofthecamberedwingwasderivedfrom
liftingsurfacetheoryfora designliftcoefficientof 0.33ata Mach
numberof1.0. A planewingwasalsotestedonthesamebodytoprovide
a basisforcmrparison.Lift,drag,andpitching-momentdatawereobtained
atMachnumbersfrom0.7to1.90throughanmgle-of-attackrangefrom-6°
to+18°ata constantReWoldsnumberof 3.6millionbasedonthewingmean
aerodynamicchord.
Theexperimentalresultshowedthatat subsonicspeedstheuseof
csmberresultedin substantialreductionsindragcoefficientsat lift
coefficientsabove0.15. At supersonicspeedstherewereno reductions
indragcoefficientsbelowliftcoefficientsof 0.30.In thesubsonic
speedrangethemaximumlift-dragratiosofthecsmberedwingwere
considerablyhigherthanthoseoftheplanewingandapproachedthose
correspondingto thetheoreticalfullleadlng-edgesuction.Theuseof .,
camberdidnotcauseanymajorchangeintheliftandpitching-mcment \f
characteristics. %.
INTRODUCTION
Theeffectivenessofa conicalformofcsmberinreducingthedrag
dueto liftat subsonicandlowsupersonicspeedshasbeendemonstrated
experimentallyinreferences1 and2 forseveralswept-wingandbodyccm- .
binations.Itwasshownthatthistypeofcambersatisfiedtheconditions
necessarytotheattainmentoflowdragdueto Et fortriangularwings
havingsubsonicleadingedges,nsnelythatthespanloaddistribution
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approximatean ellipseandthattheequivalentofthetheoreticalleading-
edgethrustbe realized.Inviewofthecontinuedinterestindeveloping
configurationsthatmaintainthehighestpossiblelift-dragratiosathigh w
subsonicandlowsupersonicspeeds,applicationf theconica3csmbertoa
numberofwingplanformswasundertaken.
Thepurposeofthepresentbriefinvestigationistodeterminethe
benefitsthatcouldbe realizedby employingtheconicalcamberonan
aspect-ratio-3triangularwing. Thesurfaceshapewasderivedinaccord-
ancewiththedesignproceduresoutlinedinreference2 fora designlift
coefficientof 0.33at a Machnumberof1.0. A planewingofthessme
planformandaspectratiowasalsotestedtoprovidea basisfordeter-
miningtheeffectivenessof conicalcamber.
M
~
s
localspan
meanaerodynamicchord
dragcoefficient,-C@
liftliftcoefficient,—C@
SYMBOLS
pitching-mcnnentcoefficient,~itchingmoment, referredtothe wC@
projectionofthe0.256 pointonthefuselagereferenceline
maximumlift-dragratio
free-streamMachnumber
free-stresmdynamicpressure
wingareaformedby extendingtheleadingandtrailingedgesto
theplsmeofsymmetry
angleofattackofwingrootchord,deg
Cartesiancoordinatesinstreamwise,sparrwise,andvertical
directions,respectively
(Theoriginisat thewingapex.) l
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APPARATUSANDMODEL
TestFacility
TheexperimentalstudieswereconductedintheAmes6-by 6-foot
supersonicwindtunnelwhichis a closedcircuit,variable-pressuretype
windtunnelwitha Machnmber rangecontinuousfrom0.70to 2.20. The
transonicapabilitiesaretheresultofrecentmodificationswhereinthe
floorandceilingwereperforated.A boundary-layerremovalsystmwas
installedin ordertomaintainuniformflowinthetestsection.Also
includedinthemodificationswastheinstallationf injectorflapsdown-
streamofthetestsectionto reducetherequiredcompressionratioacross
thenozzleandtobettermatchtheweightflowcharacteristicsofthenoz-
zlewiththoseofthecompressorsothattheupperMachnumberlimitcould
be extendedto2.20.
An extensivesurveyofthewind-tunnelstreamcharacteristicswa
madeuponcompletionof themodifications.Analysisoftheseresults,
althoughincomplete,is sufficientlyadvancedto establishthevalidity
oftheresultsof thepresentinvestigation.A discussionofthevarious
correctionsappliedto thedatais includedunderthesection“Testand
Procedures.”
DescriptionfModeM
Thetwomodelsofthepresentinvestigationconsistedofa planeand
a camberedwingoftriangularplanformandaspectratio3. Thethickness
distributionusedforbothwingswastheNACA0003-63.A sketchofthe
modelplanformis showninfigurel(a). Thecambershapewasdetermined
accordingto thedesignproceduresout~nedinreference2 fora design
liftcoefficientof 0.33at a Machnumberof 1.0. Thecsniberextended
overtheoutboard20percentofthelocalsemispan.A sketchof themean
surfaceshapeis showninfigurel(b).
A Sears-Haackbodywasusedin conjunctionwiththewings. To
accmmnodateheinternalstrain-gagebalancethebodywastruncated
as showninfigurel(a). Theequationofthebodyisalsogivenin
figurel(a).
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TESTANDPRCXXDLIRES
RangeofTestVariables
Machnumbersof 0.7,0.9,0.95,1.0,1.025,1.05,1.10,1.30,1.50,
and1.90andanglesofattackfrcm-6°to+18°werecoveredintheinves-
tigation.Datawereobtainedfora Reynoldsnumberof 3.6millionbased
onthemeanaerodynamicchord.
At therelativelylowReynoldsnumbers(lessthan107)atwhichmost
windtunnelsareforcedto operate,extensiveregionsofl.aminarflowcan
existonmodelsat zerolift.At liftingconditionsthetransitionpoint
isusuallymovedforwardto thewingleadingedge,thuschangingthemag-
nitudeofthefrictiondrag. In orderto isolatetheeffectsof conical
csmberonthedragduetoliftcharacteristicst isnecessarytominimize
thechangeinfrictiondragwfthchangingliftcoefficient.In thepresent
investigationthiswasaccomplishedby placinga O.010-inchdiameterwire
onthebodyandonthewingneartheleadingedgeto inducetransition.
(Seefig.l(a).) Theuseofwirewasbasedontheresultsofreference3
whereinitwasshownthatsucha devicewaseffectiveinpromoting
turbulentflow.
ReductionofData
ThedatapresentedhereinhavebeenreducedtostandardNACA
coefficientform. Thepitching-momentcoefficientswerereferredtothe
quarterpointofthemeanaerodynamicchord.Factorswhichaffectthe
accuracyoftheresultsarediscussedinthefollowingparagraphs.
Streamvariations.-Extensivesurveysofthestresmcharacteristics
weremaderecentlyintheAmes6-by 6-footw“indtunnelthroughoutthe
availableMachnumberrange.Thesurveyshowedthatin theregionof
thetestsection,essentiallyno streamcurvatureexistedinthepitch
planeofthemodelandthattheaxialstatic-pressurevariationswere
usuallylessthan*1percentofthedynsmicpressure.Formostmodels,
includingtheonesreportedonherein,thisstatic-pressurevariation
resultedinnegligiblelongitudinal-bouyancycorrectionsto thedrag.
Therefore,no correctionsto thedataforstreamcurvatureorstatic-
pressurevariationweremadeinthepresentinvestigation.
A stresmanglewasfoundtoexistintheverticalplaneinthetest
section(thepitchplaneofthemodel)whichvariedwithMachnumber.The
magnitudesof thestreamanglesobtainedfromtestsofthemodelsofthe
presentstudyinnormalandinvertedattitudeswereincloseagreement
withthoseobtainedfromtheconesurvey.Thedatapresentedhereinhave
beencorrectedforthestreamsngle,whichwasasmuchas 0.300downflow
—
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Supportiterference.- Theeffectsofmodelsupportinterferenceon
theaerodynamiccharacteristicswereconsideredto consistprimarilyof
a changeinthebasepressureof themodel.Thebasepressurewasmeas-
ured,therefore,andthedragdatawereadjustedto correspondto a base
pressurequaltothefree-streamstaticpressure.
Tunnelwallinterference.-Theusefulnessofa perforatedwindtunnel
asa testfacilityparticularlyat trasonicandlowsupersonicspeeds
wherereflecteddisturbancesmightaffecttheresultsmustusuallybe
establishedxperimentally.Thiswasdoneinthecalibrationphasewhich
includedtestingmcdelsofvariousizesandplanforms.Theseunpublished
dataindicatethatreliabledatacouldbe obtainedthroughouttheMachnum-
berrangeofthefacilityifcertainrestrictionsweretiposedonthemodel
sizeandattitude.Althoughthemodelgeometricharacteristicsandrange
ofmodelattitudesnecessaryto obtaininterference-freedatahavenotbeen
completelydefined,sufficientdataareavailableto indicatethatforthe
configurationsofthepresentinvestigation,thedataobtainedat transonic
andlowsupersonicspeedsarereasonablyfreeofwallinterferenceeffects.
Thus,no correctionforwallinterferencehasbeenmade.
RESUZTSANDDISCUSSION
Theobjectiveofthepresentstudywastoevaluatetheeffectiveness
ofa conicalformof csmberin-reducingtheClragdueto liftofan aspect-
ratio-3triangular*. Theresultsofthisinvestigationarepresented
graphicdd.yinfigures2 through6. Theresultscomparingtheplaneand
csmberedwingbag polarsforseveralofthetestMachnumbersarepre-
sentedinfigure2. PlotsofthedragcoefficientagainstMachnumberare
showninfigure3 forseveraliftcoefficients.Furthercomparisonsshow-
ingthevariationofmsximmlift-dragratioas a functionofWch nwnber
are showninfigurek sad
mcmentdataarepresented
comparedwiththeoreticalvalues.Liftand
infigures5 and6.
DragCharacteristics
It isevidentfromtheresultsoffigures2 and3 thattheuseof
conicalcsmberresultsin substantialreductionsinthedragat liftcoef-
ficientsabove0.15athighsubsonicspeeds(M= 0.70to 0.90).The
reductionsinthedragcoefficientresultingfranthecsmbersmountsto
morethan0.010at liftcoefficientsof 0.30andabove.Needlessto say,
suchdragreductionswouldgreatlyimprovetheefficiencyofa vehicle
. designedto cruiseinthisspeedrange.At Machnumbersabove1.00the
benefitsof camberdiminish,withonlysmallimprovementsresultingfrcm
thecamberforliftcoefficientsabove0.30.Belowthisliftcoefficient
“
thedragcoefficientsofthecsmberedwingaresomewhatgreaterthanthose
fortheplaneting.
~
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As a meansoffurtherdemonstratingthebenefitsof csmberonthe
dragcharacteristics,theresultsoffigurek arepresentedwhereinthe
meximumlift-dragratiosoftheplaneandthecamberedwingarecompared
withthetheoreticalmaximumlift-dragratiosfora planetriangularwing
havingfullandno leading-edgesuction.Thetheoreticalourvesforfull
andno leading-edgesuctionwerecanputedusingthetheoreticallift-curve
slopesandtheexpertienta3mirdmumdragcoefficientsfortheplanewing-
bodycombination.Themnparisonshowsthatat subsonicspeedsthewing
withcamber ealizesvaluesofmaximumlift-dragratiosthatareequivalent
to thosefora wingwithapproximatelyfullleading-edgesuctionup to a
Machnumberof 0.90;whereastheplanewingrealizesvalues equivalentto
onlyabout50percentofthetheoreticalpossibleleading-edgethrust.AS
shownby thedataoffigure4,theexperimentalvaluesof (L/D)m= forthe
csmberedwingforMachnumbersaround0.70areactuallysomewhatgreater
themthetheoreticalvaluesforfullleading-edgesuction.Aspointedout
previously,thetheoreticalcurveswerecomputedusingtheoreticallift-
curveslopes.Thus,ifanequivalentthrustforceisdevelopedon thecenl-
beredwingwhichapproachesthetheoreticalvalueandtheexperimental
lift-curveslopeisgreaterthanthetheoreticalvalueasisthecasefor
an aspect-ratio-3triangularwing(seeref.1),sucha resultispossible.
At thehigherMachnumbersboththeplaneandthecamberedwingsfallbelow
thevalue for full leading-edgethrust,theplanewinghavingsomewhat
higherlift-dragratiosthatthecsmberedwingatMachnumbersabove1.30.
LiftandMomentCharacteristics
Ithas beenshownonnumerousoccasionsthattheaerdynemicenter
andlift-curveslopenearzeroliftareprimarilyfunctionsofwinggeom-
etryandarenotaffectedbywingcamber.Thisresultissubstantiated
infigures5 and6 whereinthevariationofliftwithangleof attackand
thelongitudinalstabilityofthecsmberedwingareessentiallythesame
as thoseoftheplanewing. Thesmallpositiveshiftintheangleof zero
liftduetocsmberisoflittleconsequencebutthesmallpositiveshiftin
pitchingmomentreducesthemomentneededfortrimand,therefore,thetrim
dragoftheconfiguration.Theresultsoffigure6 showalsothattheuse
of
of
csmberdelaystoa higherliftcoefficienttheslightpitch-uptendency
thetriangularwingata Machnumberof0.70.
CONCLUSIONS
An experimentalinvestigationmadeto determine
conicalcamberontheaero@m?nicharacteristicsof
tionemployinga triangularwingofaspectratio3.0
theeffectivenessof
a wing-bodycombina-
showedthat:
.
—
1. Theuseof csmber esultedinappreciabler ductionsindrag
coefficientsabovea liftcoefficientof0.15at subsonicspeeds.
2.
exceeded
3.
At supersonicspeedsthedrag
thoseof theplanewingbelow
Theuseof csmber esultedin
coefficientsofthecsmberedwing
a liftcoefficientof 0.30.
largeincreasesinthemaximum
lift-&g ratioabovethatoftheplanewingatsubsonicspeeds,the
camberedwingapproachingthemaximumlift-drag-ratiovalueequivalent
tothatforfullleading-edgethrust.
4. Theliftandpitching-momentcharacteristicswerenotsignifi-
cantlyaffectedby csmber.
AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics
MoffettField,Calif.,Dec.18,1956
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(a) Plan form.
Figme 1.- Model geometry.
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(b) Ordinatesof themem camber line.
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Figure 2.- Effect of conical camber on the variation of drag coefficientwith lift coefficient.
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Figure3.- Effectof conicalcamberonthevariationofdragcoefficient
withMachnumber.
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